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合成了手性 CdSe、CdTe 和 ZnS QDs，其光学活性亦与激子跃迁相关。在此基础




NaHTe、Na2S 用量，实现了 CdSe、CdTe、ZnS QDs 的手性调控，为获得手性信
号位于不同波长的“全色手性发光量子点”，拓展手性无机纳米材料应用提供了新
思路。 






现“手性种子”作用，少量 Cys 即可诱导 TGA-Cys 混合物产生与 100% Cys 相同的
光学活性，非手性配体不会对手性放大机制产生影响。该法可以少量手性配体即
可获得大量手性发光量子点，降低制备成本，具有广阔应用前景。本章研究还发

















































  Nanomaterials is a research focus of materials science and chirality injects fresh 
vigor to the development of nanomaterials. Chiral nanomaterials plays an important 
role in asymmetric synthesis, catalysis, chiral separation and determination of 
absolute configuration. Compared to chiral compounds, their efficiency is much 
higher. In molecular devices, the characteristics of chiral nano-devices is superior to 
that of achiral nano-devices. Chiral assembly is covered with inorganic, organic and 
hybrid materials. Research in this area will promote awareness of the phenomenon of 
life and has broad application prospects in many fields, which will attract long-term 
attention. 
Recently, II-VI group semiconductor nanomaterials have become an active field 
among physics, chemistry and materials, because they have unique physical and 
chemical properties and their wide application in optoelectronic devices and 
biological medicine. It should be noted that compared to ordinary II-VI group 
nanomaterials, current investigations of II-VI group semiconductor quantum dots 
(QDs) is in its infancy. Chiroptical activity of QDs reported in the literature is weak 
and uncontrollable. In addition, available chiral thiols act as stabilizer are limited. 
Exploring other chiral thiol stabilizers or their alternatives is therefore highly 
demanding and critical for expanding the diversity of the thiols and the applications of 
chiral QDs. 
 Based on these understandings, we proposed to use low temperature synthetic 
strategy to obtain II-VI group QDs with stronger CD activity and achieve the 
regulation of chirality in QDs. A new strategy was presented for preparing chiral CdS 
QDs by noncovalently linking an achiral thiol stabilizer to a chiral ligand that leads to 
an assembled “chiral thiol stabilizer”, which is critical for expanding the diversity of 
the chiral thiols stabilizer and the applications of chiral QDs 
















  In Chapter 1, research progress of II-VI group semiconductor quantum dots, chiral 
inorganic nanoparticles and supramolecular chirality are briefly reviewed. 
  Chapter 2 reports method for preparation of chiral CdS QDs with large and tunable 
chiroptical activity. Referring to the known fact that the mild synthetic conditions at 
low temperature would increase surface defects, and to the prediction that QDs 
surface defects are likely involved in transmitting chirality, we thus proposed to use 
aqueous phase synthetic strategy at low temperature to obtain semiconductor chiral 
QDs, which is expected to have strong CD activity. Indeed, CdS QDs prepared at low 
temperature have stronger CD activity than those prepared at high temperature. In this 
chapter, we report the successful synthesis of CdS QDs of varying size which have 
size-tunable chiroptical activity. Finely size-tunable CD signals corresponding to the 
first excitonic transition were unambiguously observed for the first time, which is 
important for the development of chiral QDs as biological probes. Research on origin 
of chirality indicates that two distinctly differing groups of CD signals in Cys-CdS 
QDs can be identified, one group at longer wavelength that corresponds to the first 
excitonic transition and that shows a substantial QDs size dependence, while the other 
at wavelength shorter than 280 nm that is not much QDs size dependent . 
  Chapter 3 reports a new general method for synthesis of a variety of II-VI group 
QDs with finely size-tunable chiroptical activity and formation mechanism of chirality. 
By adjusting the amount of NaHSe, NaHTe or Na2S, a successful preparation of chiral 
CdSe, CdTe and ZnS QDs with tunable chiroptical activity was achieved, which is 
important to obtain “full color chiral QDs”. CdX (X = S, Se, Te) were used as a model 
to study the origin and formation mechanism of chirality. The results show that the 
circular dichroism signals originate both from the first excitonic transition of the QDs 
core and the ligand to metal charge transition of QDs surface, which is significantly 
different from that of QDs prepared at high temperature. It is shown that an increase 
in surface defects is conducive to obtain large chiroptical activity. 
  Chapter 4 describes chiral amplification and chiral memory in Cys-CdS QDs. 
















whether chiral amplification exists in the Cys-CdS QDs.  Chiral amplification was 
found in these Cys-CdS QDs for the CD signals from both the QDs surface and QDs 
core, confirming the helically packing of chiral Cys ligands on the surface of CdS 
QDs and importantly suggesting that the chiral amplification is transmitted from the 
QDs surface to the core, which means that both the surface and the core of the CdS 
QDs are somewhat “conjugated”. Experiments of “sergeants-and-soldiers” principle 
indicate that the movement of large number of cooperative achiral TGA is controlled 
by a few chiral Cys. Therefore, QDs can be made chiral when only a portion of the 
capping ligand is chiral, which might be of general applicability. Chiral memory in 
Cys-CdS QDs suggests that chiral ligand will not make impact on chirality of QDs 
after CdS QDs are generated. 
  Chapter 5 presents a new strategy for preparing chiral CdS QDs in aqueous solution 
that relies on the development of an alternative chiral thiol stabilizer by noncovalently 
linking an achiral thiol stabilizer to a chiral ligand that leads to an assembled “chiral 
thiol stabilizer”, which is critical for expanding the diversity of the chiral thiols 
stabilizer and the applications of chiral QDs. Chiral CdS QDs were indeed 
successfully obtained in the present of natural amino acid (Arg/His) and thiol 
(TGA/MPA). It is shown that an increase in the chain length and steric hindrance of 
the achiral thiol stabilizer reduces the efficiency of chirality transmission from the 
chiral ligand and the chiral center nearest to the surface of QDs determines the 
chirality of CdS QDs. 
 
Keywords 
Semiconductor quantum dots, Chiral quantum dots, quantum size effect, Chiral 
regulation, Chiral amplification, Chiral memory, Chirality transmission, molecular 



































































1.2 II-VI 族半导体量子点 
1.2.1 半导体纳米材料的分类 




研究极为活跃，对 Si 量子点的研究也取得很大进展[50-52]。 
（2）二元化合物半导体，通常由两种元素组成，种类较多，主要包括： 
II-VI 族半导体纳米材料，指由 IIB 族金属元素 Zn、Cd、Hg 与 VIA 族元素
S、Se、Te 所组成的化合物，如 CdS、CdTe、CdSe、ZnSe 等。该类半导体具有
直接跃迁的能带结构，且禁带宽度变化范围较大，因此在固体发光、激光、红外
探测器、太阳能电池[5]等方面有着广泛的应用。 
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